Introduction
Testicular microlithiasis (TML) is characterized by the presence of small ultrasonic foci often scattered throughout the testicular parenchyma. Doherty et al. described TML ultrasonographically as innumerable tiny bright echoes diffusely and uniformly scattered throughout their substance [1] . TML is of unknown origin, and typically has a size from 1-3 mm. TML is a painless and impalpable condition only visualized by ultrasonography. The testicles are located extra-abdominal, ideal for superficial high-frequency ultrasound examinations.
Guidelines from the European Society of Urogenital Radiology (ESUR) advocate that TML (five or more microliths per field of view) is considered a risk factor for testicular malignancy when an additional risk factor is present, and annual ultrasound follow-up surveillance is recommended until the age of 55 years [2] . Risk factors are history of maldescent, history of orchidopexy, genetic disease, previous history of germ cell tumor, family history of germ cell tumor, or atrophic testis.
Testicular volume has been investigated in different conditions, e. g. in boys, childhood cryptorchidism, varicocele, testicular germ cell cancer, testicular function, infertility, and Down Syndrome [3] [4] [5] [6] [7] [8] [9] . Ultrasound provides a good and reliable tool for evaluation of 
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Purpose Ultrasonography is a useful tool to measure testicular volume. According to the European Society of Urogenital Radiology, the combination of testicular atrophy and testicular microlithiasis (TML) is a risk factor for testicular cancer. Testicular atrophy is defined as a volume of less than 12 ml. The aim of this study was to compare testicular volume in patients with TML to patients with normal testicular tissue. Materials and Methods From 2013 to 2015 we included a total of 91 adult patients with TML, and 91 adult patients with normal testicular tissue as a control group. All patients underwent scrotal B-mode ultrasound investigation including measurement of width, length and height in both testicles. Testicular volume was calculated using the formula π/6 × length × height × width. Results The median age for patients with TML was 48 years (range: 19-94 years), and 48 years (range: 20-75 years) in patients with normal tissue. No statistically significant difference was found between total testicular volume (both testes) > 30 ml in patients with TML compared to patients without (OR 0.77 (95 % CI 0.43-1.38, p = 0.37). However, patients with TML tended to have lower testicular volume compared to patients without TML, when investigating testicular volume below 12 ml. Conclusion Overall, no association was found between testicular volume and TML, but there was a trend indicating that severe atrophy is often seen in patients with TML compared to patients without TML. However, a significant difference was only found in testicular volume ≤ 8 ml. testicular volume. It is a method that provides objective, reproducible and accurate measurements, and ultrasonography of the scrotum is a patient-friendly investigation.
Since testicular atrophy is associated with testicular cancer, the objective was to investigate whether atrophy is associated to TML, and the aim of this study was to compare testicular volume in patients with TML and patients with normal testicular tissue.
Materials and Methods

Study population
Patients were included from the Department of Radiology from 2013 to 2015, and all were outpatients referred for an ultrasound of the scrotum by their general practitioner due to symptoms (e. g. testicular pain, swelling, soreness, or nodules). The patients ( > 18 years) signed an informed consent before entering the study. A total of 101 patients diagnosed with TML were eligible. However, 10 patients had missing measurements from one or both testicles and were excluded. A total of 91 patients with TML were included, and a total of 91 patients with normal testicular tissue served as a control group.
Ultrasound and testicular volume
All ultrasound procedures were carried out with the patient in the supine position. The testicles were investigated in orthogonal transverse and longitudinal planes. All patients underwent b-mode ultrasonography including measurements of maximum height, width and length of both testicles in order to calculate testicular volume (▶Fig. 3 and 4). All ultrasound images were stored in the department's database Picture Achieve Communication System (PACS, Easyviz Impax Workstation, Medical Insight, Valby, Denmark).
We used a Siemens S3000 ultrasound machine (Acuson Corporation, Siemens, Mountain view, CA, USA), and all scrotal examinations were performed using a linear-array 9L4 frequency transducer with testicular software settings with 50 frames per second, Mechanical Index 1.2, Dynamic range 70, Advanced SieClear TM spatial compounding 5, Dynamic tissue contrast enhancement technology, and tissue harmonic imaging. Four senior radiologists with more than five years of scrotal ultrasound experience performed all of the ultrasound examinations, and all used a standardized procedure. Testicular volume was calculated as π / 6 × length (L) × height (H) × width (W). This formula is often used [10] [11] [12] .
Ethical approval
The National Data Protection Agency and The Regional Scientific Ethical Committees for Southern Denmark (ID: S-20120144) approved the study.
Statistical methods
All analyses were performed with STATA statistical software (version 15.0 STATA Corporation, College Station, TX, USA).
Results
▶ table 1 shows the characteristics in patients with and without TML. The patients were comparable in age. The median age for patients with TML was 48 years (range: 19-94 years), and 48 years (range: 20-75 years) in patients with normal tissue. A total of 11 patients with unilateral TML had additional findings in the unaffected ipsilateral testicle (six testicles with spermatocele, four with hydrocele, and one with varicocele). A total of 33 (36.3 %) patients had TML unilateral, and 58 (63.7 %) had TML bilateral.
The mean testicular volume in patients with TML was 14.7 ml (range: 3.5-35.0 ml) and 14.9 ml (range: 3.0-29.9 ml) in patients without. In patients with unilateral TML, the unaffected testicles had a mean volume of 15.0 ml (range: 4.8-27.9 ml). ▶ table 2 shows the distribution of testicular volume. ▶Fig. 1 shows the distribution of patients with and without TML within a 10-year age interval. ▶ Fig. 2 shows the mean volume in ml in the different age categories. between spermatocele, hydrocele, varicocele and cyst were found in patients with TML compared to patients without TML. The median testicular volume was 14.3 ml in patients with TML and 14.5 ml in patients without TML in this study. Von Eckardstein et al. reported a testicular volume of 13 ml in patients with unilateral TML and 15.5 ml in patients with bilateral TML [13] . In general, testicular volumes have been reported between 12-30 ml [10] , and in general adult testicular volume remains stable after puberty is complete [14, 15] . Lenz et al. investigated 444 men from the general population and found a median ultrasonic volume of 14 ml in the right and 13 ml in the left testis [14] . In a later study, Lenz et al. studied the contralateral testicle in 78 patients with unilateral testicular cancer and found an ultrasonic testicular mean volume of 12.9 ml (range: 3-24 ml) [16] . In general, the reported testicular volume in patients with TML seems to be similar to patients from the general population.
Atrophy has been associated with reduced spermatogenesis and infertility, and may transpire on the basis of previous testicular inflammation, estrogen treatment, and aging [10] . Atrophy is an established risk factor for testicular cancer, and has been linked with TML [2, 13] . We found no statistically significant association between atrophy and TML, but there was a trend indicating that severe atrophy is more often seen in patients with TML compared with patients without TML ( ≤ 10 ml, p = 0.06) and ≤ 8 ml, p = 0.02). This trend is also seen in other studies, but not all have found this. One study investigated TML in 18 young boys with Down syndrome, and found testicular volume to be smaller compared to the control group [8] . Another study investigated TML in 9 young patients and found that the mean testicular volume did not differ from the control group [17] . Bayramoglu et al. investigated testicular volume in 23 pediatric patients with TML and 31 pediatric patients without TML, and found no difference in testicular volume between the study and control groups [18] . However, it is possible that ethnicity also affects testicular volume [19] . The small number of included patients may also affect the results.
In general, a difference in volume between the affected testicle and the unaffected testicle > 20 % is acceptable, before the diagnosis of atrophy is considered [2] . We found 46.1 % of patients with TML had less than a 20 % difference in volume between their two testicles. It is difficult to determine whether patients develop atrophic testes as a result of age, or as a consequence of TML, or due to other conditions. However, testicular cancer is mostly seen in young men aged 15-35 years, and in the present study TML was most frequent in patients aged 50-59 years old (▶Fig. 1). Furthermore, we found no difference in testicular volume between younger patients with and without TML (18-49 years old, ▶Fig. 2). Therefore, it seems unlikely that patients with TML develop testicular atrophy as a result of age alone.
One of the strengths in this study is that scrotal ultrasound is easily performed and not a very time-consuming tool. Four investigators obtained testicular volume measurements, which limits the interobserver variation. This is confirmed in a study that showed good correlation between three investigators when measuring testicular volume [12] , and ultrasound has been recognized as a reliable method. We did not use an orchidometer to measure testicular volume. On the other hand an orchidometer seems to correlate well with ultrasound measurements, even if ultrasound may slightly overestimate testicular volume [5, 20] . Another limitation is that comparison of testicular volume occurred between symptomatic patients and not between asymptomatic men from the general population. The proportion of patients with TML was high in the study population, but if the study population was e. g. twice as large, it may have been possible to show a significant difference between patients with and without TML, and not just a trend.
Conclusion
Overall, no association was found between testicular volume and TML, but there was a trend indicating that severe atrophy is often seen in patients with TML compared with patients without TML.
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▶Fig. 3 Ultrasound image of a testis with TML including volume measurements.
▶Fig. 4 Ultrasound image of a testis with TML including volume measurements.
